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(57) Abstract 

PROBLEM TO BE SOLVED: To enable the current path 
between a source and a drain high resistance or brealong 
it In condition that gate voltage is not applied. 

SOLUTION: The second drift region 6 and the first drift 
region 5 are stacked on an n 4 -drain region 7, and an 
n + -source region 4 is made on the first drift region 5, 
and a source electrode 6 Is made on the n+-sou rce 
region 4. Moreover, a gate insulating flm 3 is made on 
the surface of a gate groove 13, and a gate electrode 2 
is made on the gate insulating fihn 3 so as to stop the 
gat© groove 13. This gate electrode 2 is made of 
polysilicon doped with p-type impurity atoms, and the 
Impedance of an element Is increased by rtarrowing the 
current path 35 in such a way that a depletion layer 11 
spreads even In conoltton that gate voltage Is not 
applied, or it is made a normally off type of element by 
dosing the current path 35 by the further rrdcrortzatjon 
of a unit ceil. 
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[0009] 

Thus, even when the gate bias is "0", a depletion layer expands immediately 
below the gate insulation film, and the impedance of the element is increased. By 
applying microfabrication to unit cells, the right and left depletion layers adhere to each 
other, whereby a current path can be interrupted. 

[0010] 

[Embodiment of the Invention] 

FIG 1 is a cross sectional view of a main portion of an element in a first 
embodiment of the invention. Ranges described below are formed on a semiconductor 
substrate 1 . A second drift region 6 and a first drift region 5 are stacked on an n + drain 
region 7. Ann* source region 4 is formed on the first drift region 5. A source 
electrode 8 is formed on the n + source region 4. A gate insulation film 3 is formed on 
the surface of a gate insulation film 13. A gate electrode 2 is formed on the gate 
insulation film 3 so as to fill the gate groove 13. The gate electrode 2 is made of 
polysilicon formed by doping p-type impurity atoms. Therefore, as described later, 
even when a gate voltage is not applied to the n-type first drift region 5 and second drift 
region 6, a depletion layer 11 expands, the width of a current path 35 is reduced, and the 
impedance in this portion is increased. When the microfabrication is further applied to 
the unit cells and a width W of the first drift region 5 is reduced, expansion L of he 
depletion later end is increased, the right and left depletion layer ends 12 adhere to each 
other, the current path 35 is closed, and an electric current is interrupted, whereby a 
element is realized. A drain electrode 10 is formed on the surface of the n + drain 
region 7. 

[0011] 

FIG 2 describes the concept of the invention. FIG. 2 (a) is an energy band 
view when the gate electrode is made of n-type polysilicon, and FIG. 2 (b) is an energy 
band view when the gate electrode is made of p-type polysilicon. Both FIGS. 2 (a) 
and 2 (b) show cases where a semiconductor substrate 23 is an n-type, and the gate bias 
is "0". In FIG 2 (a), since the energy band is not bent, the depletion layer does not 
expand in the semiconductor substrate 23. In FIG. 2 (b), when the gate electrode 2 is 
made of p-type polysilicon and, the energy band of the semiconductor substrate 23 is 
bent as shown in the figure. Therefore, the portion obtained by bending becomes the 



depletion layer 11. When the depletion layer 11 expands, the impedance of the 
element is increased. When the depletion layer 11 further expands, the current path is 
interrupted. The bending of the energy band is equal to that when a negative voltage 
of -1.2V, which is a band gap, is applied to the n-type gate electrode 2b. 
[0012] 

FIG 3 shows current/voltage characteristics between the source and the drain 
when a negative bias is applied to the n-type gate electrode. A prototype element has 
the n-type gate electrode, and the width W of the first drift region is 5 jam. When the 
gate voltage is applied from 0V to 10 V in IV steps, in the first quadrant, the drain is 
positive, and the source is negative, which is referred to as the forward direction. In 
the third quadrant, the drain is negative and the source is positive, which is referred to 
as the reverse direction. In the forward direction, when the gate voltages are 0V and - 
IV, if the voltage VDS between the drain and the source is read as 4V, the currents IDS 
between the drain and the source are 10A and 3 A. In the case of -IV, the impedance is 
as three times of that in the case of 0V. When the gate voltage needs to be lower than - 
3 V, the current IDS between the drain and the source becomes "0", and the current path 
is interrupted. As shown in the structure in FIG. 1, when the p-type electrode is used, 
even if the gate voltage is not applied, the depletion layer 11, which is equal to that 
when the gate voltage of 1.2V is applied, is formed in the first drift region 5. This is 
equal to that when the gate voltage of -1.2V is applied in FIG 3, and a large impedance 
is obtained. Further, when microfabrication is applied to the unit cells and the width 
W of the first drift region 5 is reduced in FIG. 1, the depletion layer ends 12 adhere to 
each other. Thus, even when the gate voltage is not applied, the current path 35 is 
interrupted, whereby the normally OFF type element is realized. 

[0015] 

When the semiconductor substrate is made of silicon, nickel (Ni), platinum (Pt), 
and the like are preferably used. When these types of metals are used for the gate 
electrode, even if the gate bias is "0", the depletion layer 11 expands in the 
semiconductor substrate 23, and the impedance of the element can be increased. By 
applying microfabrication to the unit cells or using a metal 21 having a larger work 
function (|>m for the gate electrode 2a, the depletion later ends 12 can be largely 
expanded, and the current path can be interrupted. Namely, the normally OFF type 
element can be manufactured! 
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